P ercutaneous coronary intervention (PCI) is a common and expensive procedure. 1 In 2007, the InterQual Criteria, a set of admission criteria used by many payers to justify hospitalization, were changed such that PCI procedures for indications other than acute myocardial infarction (MI) were no longer appropriate for inpatient reimbursement. Despite this change, the higher payment under the inpatient Diagnostic-Related Group (DRG) 2 created an incentive for hospitals to bill all PCI procedures as inpatient procedures. Recent audits through the Recovery Audit Contract (RAC) program instituted by the Centers for Medicare and Medicaid Services (CMS) [3] [4] [5] 
Admission Trends Following PCI
From a clinical perspective, certain patient or procedural characteristics may warrant longer observation. Risk models for PCI indicate that factors such as older age, medical comorbidities, or complex coronary anatomy are associated with a higher risk for adverse outcomes, including mortality. 10 Despite the fact these high-risk patients may stay in the hospital for several days after PCI, they are often considered outpatients by CMS standards, regardless of their total hospital length of stay. These changes in the reimbursement structure may have resulted in an increase in higher risk patients undergoing outpatient PCI. Temporal changes in the risk profile of outpatients undergoing PCI have not been previously reported. Accordingly, we used data from the National Cardiovascular Data Registry (NCDR) to evaluate temporal trends in the setting and type of patients undergoing elective PCI in the United States from 2009 to 2014. These data were also used to profile patients' mortality and bleeding risk profiles by admission status, and to identify what setting was used to care for high-risk cases as a function of time.
Methods
The NCDR CathPCI Registry is the largest ongoing registry for PCI in the world and is a quality improvement program cosponsored by the American College of Cardiology and the Society for Cardiovascular Angiography and Interventions to collect data on baseline patient and hospital characteristics, clinical presentation, in-hospital treatments and complications, and in-hospital outcomes among patients undergoing PCI at >1500 sites across the United States, and it has been previously described. 11 Data are collected systematically via software provided by vendors certified by the American College of Cardiology or via a secure web-based platform and undergo regular and rigorous auditing for data completeness and accuracy. 12 Variables captured on the data collection form are prospectively defined by the American College of Cardiology and available on the NCDR web site at: https://www.ncdr.com/WebNCDR/ cathpci/home/datacollection.
Study Sample
For purposes of our study, all patients undergoing PCI from 2009Q3 to 2014Q2 (n=3 174 805 patients at 1527 sites) were initially sampled for the analysis. We excluded patients who would clearly be eligible for inpatient reimbursement, such as those who presented with an acute MI (n=2 162 619) and salvage or emergent PCI procedures (n=5612). We further excluded patients who presented at hospitals performing <50 PCIs per year (n=7015) and patients without a valid admission status entry (n=280).
The registry defined 3 options for admission status: (1) outpatient, (2) outpatient converted to inpatient, or (3) inpatient. Outpatient was defined as a patient who received professional services in a medical facility for less than a 24-hour period, regardless of the hour of admission, whether a bed was used, or whether the patient remained in the facility past midnight. Outpatient converted to inpatient was defined as a patient who was considered an outpatient on arrival to the facility, but was converted to an inpatient status during the episode of care. Inpatient was defined as a patient who was admitted as an inpatient upon arrival to the medical facility for the episode of care. For this analysis, the outpatient group is referred to as not admitted after PCI. We have combined the outpatient converted to inpatient and inpatient groups into admitted after PCI.
The objective of this analysis was to identify temporal trends in risk profiles among patients undergoing PCI. All complications and outcomes postprocedure were reported by the site using the CathPCI data collection form. There was no physician adjudication or linkage with claims data to capture or verify outcomes.
Statistical Analysis
Baseline patient and procedure data were compared between patients admitted and not admitted after PCI. Data are presented as frequencies and percentages for categorical variables and medians (25th-75th percentile) for continuous variables. We compared baseline patient and procedure characteristics, as well as postprocedure complications for the 2 groups using Pearson χ 2 tests for categorical variables and Kruskal-Wallis tests for continuous variables. We also calculated the standardized difference between groups 13 ; the absolute value of the standardized difference <10 is generally considered to not be clinically relevant. The proportion of patients admitted or not admitted after PCI was plotted over time. Logistic regression was used to test for a significant temporal trend. To account for whether some patients were admitted to the hospital before PCI, we also determined the median time from PCI facility presentation to procedure. Because of recent changes in what qualifies a patient for outpatient status, namely a hospital stay <2 midnights, we also examined the proportion of patients whose length of stay met this criteria as well as the proportion who were discharged the same calendar day as the PCI.
Temporal changes in hospital length of stay and predicted mortality for each group was plotted by quarter, and linear regression was used to test for significance. Predicted in-hospital mortality for the overall study sample and by admission status was calculated using a previously validated model that had a c-index of 0.93. 10 Using this model, we grouped patients by predicted mortality using the 25th and 75th percentiles as boundaries to differentiate the 3 strata of risk. We then plotted the proportion of patients in each admission status group that were low, intermediate, or high-risk over time. Linear regression models were used to test for trend.
We assessed predicted risk of bleeding (defined by the NCDR as site-reported access site bleeding; retroperitoneal, gastrointestinal, or genitourinary bleeding; intracranial hemorrhage; cardiac tamponade; postprocedure hemoglobin decrease of 3 g/dL in patients with a preprocedure hemoglobin level ≤16 g/dL; or postprocedure nonbypass surgery-related blood transfusion for patients with a preprocedure hemoglobin level ≥8 g/dL) using the CathPCI Bleeding Model (cindex, 0.78). 14 After stratifying patients by predicted risk of bleeding using the 25th and 75th percentiles as boundaries, we plotted the proportion of patients in each admission group and risk group over time. Linear regression models were used to test for trend. We performed a sensitivity analysis by excluding patients that were coded as urgent for either the diagnostic cardiac catheterization or PCI. This status variable is based solely on the clinician's assessment of the
WHAT IS KNOWN
• Most nonacute percutaneous coronary intervention procedures are reimbursed at lower outpatient rates because of recent changes in coverage criteria for inpatient hospital stays.
WHAT THE STUDY ADDS
• Reimbursement rates may have affected admission after percutaneous coronary intervention for nonacute indications. Among patients undergoing percutaneous coronary intervention procedures that qualify for outpatient reimbursement, there has been a temporal decrease in postprocedure hospital admission.
• The proportion of patients at high risk for mortality not admitted after percutaneous coronary intervention increased during the study period.
• This suggests that a risk-based reimbursement scheme might more appropriately match necessary resources to the appropriate level of care. Admission Trends Following PCI patient's risk. The registry defines a procedure as urgent if it should be performed on an inpatient basis because there is significant risk of ischemia, infarction, or death.
All P values were 2-sided, and statistical significance was defined as P<0.05. The Duke University Medical Center Institutional Review Board granted a waiver of informed consent and authorization for this study, and all analyses were performed by the NCDR data analytic center at the Duke Clinical Research Institute using SAS software (version 9.3, Cary, NC).
Results

Patient Sample and Temporal Trends in Admission Status
Between the third quarter of 2009 and the second quarter of 2014, 3 174 805 patients underwent PCI at 1527 sites.
After applying exclusions, the final study sample consisted of 999 279 patients at 1425 sites ( Figure 1 ). Among these patients whose procedures qualify for outpatient reimbursement, 475 857 (47.6%) were not admitted after PCI. The proportion of patients not admitted after PCI increased from 32.8% to 66.3% during the study period (odds ratio, 1.07 per calendar quarter; P<0.001; Figure 2 ).
Demographic and Clinical Characteristics of Patients Stratified by Admission Status
Baseline demographic and clinical presentation characteristics among patients admitted and not admitted after PCI are shown in Table 1 . Patients admitted after PCI were modestly older, more often female, less often of white race, Data are expressed as percentage of patients for categorical variables, median (interquartile range) for continuous variables. BMI indicates body mass index; CABG, coronary artery bypass graft surgery; CAD, coronary artery disease; CCS, Canadian Cardiovascular Society; CHF, congestive heart failure; CVA, cerebrovascular accident; HF, heart failure; MI, myocardial infarction; PAD, peripheral artery disease; and PCI, percutaneous coronary intervention. Admission Trends Following PCI and less often had a higher body mass index compared with patients not admitted after PCI (all P<0.001). These patients also had slightly higher rates of hypertension, diabetes mellitus, end-stage renal disease on dialysis, previous MI, previous heart failure, and previous coronary artery bypass grafting compared with patients not admitted after PCI (all P<0.001).
Among patients who were admitted after PCI, the median time from presentation to the facility and the PCI procedure was 3.5 hours (25th-75th percentile, 2.1-23.1). Procedural complications are reported in Table 2 . Bleeding complications occurred in 1.0% of patients overall; these complications were more frequent in patients admitted after PCI (1.5%) compared with patients not admitted after PCI (0.3%), P<0.001. Other complications, including periprocedural MI, cardiogenic shock, heart failure exacerbation, cerebrovascular accident, tamponade, and new dialysis, occurred in 2.4% of the overall population, and were higher among patients admitted after PCI (3.6% versus 1.0%), P<0.001.
Temporal Trends in Length of Stay
The mean length of stay over time by admission status is shown in Figure 3 . The mean length of stay throughout the duration of the study period was 1.98±7.18 days. The mean length of stay decreased during the study period among patients not admitted after PCI from 1.06±3.15 days to 0.97±5.53 days (P trend <0.001), whereas the mean length of stay among admitted patients increased from 2.42±5.95 days to 3.23±5.37 days (P trend <0.001); P interaction <0.001. The proportion of patients staying <2 midnights increased from 72.4% at the beginning of the study period to 79.5%; similarly, the proportion of patients discharged on the same day as their procedure increased from 4.5% to 14.4%.
Temporal Trends in CathPCI Predicted Mortality by Admission Status
Median predicted in-hospital mortality for the overall population during the study period was 0.13% (25th-75th percentile, 0.07%-0.26%). The median predicted mortality was 0.11% (25th-75th percentile, 0.06%-0.20%) among patients not admitted after PCI and 0.15% (25th-75th percentile 0.08%-0.33%) among patients admitted after PCI. Figure 4 depicts the temporal trend in predicted mortality during the study period. The median predicted mortality increased from 0.10% at the beginning of the study period to 0.11% at the end of the study period (P<0.001) among patients not admitted after PCI, and from 0.14% to 0.18% among patients admitted after PCI (P<0.001).
When stratified by predicted mortality, the proportion of patients not admitted after PCI who were at or above the 75th percentile for predicted mortality increased from 17.0% in the first measured quarter to 19.8% in the last measured quarter ( Figure 5) . Similarly, the proportion of patients admitted after PCI that were above the 75th percentile (predicted mortality ≥0.26%) increased such that by the end of the study period, 38.1% were at or above the 75th percentile. In contrast, the proportion of admitted patients at or below the 25th percentile for mortality was 16.7% in the most recent quarter.
Temporal Trends in CathPCI Predicted Bleeding by Admission Status
The median predicted bleeding risk was 2.32% (25th-75th percentile, 1.56%-3.73%) for the overall population during the study period. The median predicted bleeding risk increased only slightly during the study period among patients not admitted after PCI (2.06% [25th-75th percentile, 1.43%-3.15%] at the beginning of the study period versus 2.16% [25th-75th P values were created by performing linear regression including the adjusted covariates in the model as described in the Methods section of this article. CHF indicates congestive heart failure; CVA, cerebrovascular accident; MI, myocardial infarction; and PCI, percutaneous coronary intervention. Admission Trends Following PCI percentile, 1.51%-3.32%] at the end of the study period, P<0.001; Figure I in the Data Supplement). Among patients admitted after PCI predicted bleeding risk significantly increased from 2.45% (25th-75th percentile, 1.62%-3.99%) at the beginning of the study period to 2.90% (25th-75th percentile, 1.84-4.92%) at the end of the study period. The proportion of patients not admitted after PCI who were at high predicted bleeding risk remained stable over time while it increased in patients admitted after PCI ( Figure II in the Data Supplement).
Sensitivity Analysis
To account for the PCI procedure status potentially driving the mortality findings, we repeated the analysis after excluding patients who underwent urgent procedures (n=190 664 patients; 19.1% of the primary analysis sample) for a final patient population of 808 615 patients. Differences in patient characteristics were overall similar to the primary analysis. In this subset of the study population, the proportion of patients not admitted after PCI increased from 39.8% to 73.4% during the study period. The rate of post-PCI complications was similar to the primary analysis. The mean estimated length of stay during the study period was 1.57±6.78 days and showed a similar temporal trend. The median predicted mortality risk was attenuated in patients not admitted after PCI compared with the primary analysis and increased slightly from 0.09% at the beginning of the study period to 0.10% at the end of the study period (P<0.001). Bleeding risks were similarly attenuated compared with the primary analysis but increased slightly over time among patients admitted after PCI (1.97% in at the beginning of the study period to 2.09% at the end of the study period, P<0.001; Data Supplement).
Discussion
There have been significant changes in reimbursement for cardiac procedures during the last decade. In particular, PCI for nonacute indications has been subject to a shift in payment status from inpatient to outpatient reimbursement, both of which are forms of bundled payment that may not necessarily account for patient or procedure complexity. The effect of these changes on the risk profile of patients undergo has not been previously documented. Using data from a large contemporary nationally representative database, we found that there was a temporal increase in the proportion of patients not admitted after PCI; however, the proportion of these patients who are at high risk for mortality has significantly increased over time. Among those who were admitted, there was a similar increase in risk and an increasing proportion spent >2 days in the hospital. These trends provide important information on trends in PCI practice: (1) reimbursement changes have affected hospitalization rates for PCI patients, (2) an increasing proportion of outpatients undergoing PCI are at high risk for mortality, and (3) despite the lower outpatient reimbursement, some patients are still admitted to the hospital after PCI, either because of procedure complications or because the clinician felt that a higher level of postprocedure care was warranted. We also found that a smaller percentage of admitted patients were at lower risk for mortality and bleeding, and these patients likely could have been discharged home earlier and lower outpatient payment may be reasonable for these patients. These data imply that rather than universal application of outpatient or inpatient reimbursement for PCI based solely on indication, a risk-based approach may allow for more appropriate allocation of healthcare dollars.
Importantly, the terms inpatient and outpatient must be clarified as they relate to the clinical course of the patient versus reimbursement. These terms relate primarily to how payers classify patients for the purpose of payment and not necessarily to whether a patient is hospitalized. For Medicare patients undergoing PCI, the difference between these 2 forms of reimbursement is significant. In 2013, a patient who underwent an uncomplicated PCI using a drug-eluting stent (MS-Diagnostic-Related Group 247) was reimbursed $11 497 if classified as an inpatient, but $7763 if classified as an outpatient (Ambulatory Payment Classification 0656). Partly because of this difference, hospitals were incentivized to bill all PCI procedures under the inpatient Diagnostic-Related Group classification, regardless of the patient's risk or duration of hospitalization. In an effort to reduce inappropriate admissions, CMS instituted the RAC audit program. The RAC may have created the opposite incentive, namely, to bill all PCI procedures under the outpatient Ambulatory Payment Classification classification, again regardless of risk. This lack of risk-based reimbursement potentially creates an environment where there is tension between what may be clinically appropriate and what is financially viable. Because an admission to the hospital after PCI can cost up to $4000 per day, 15 admitting an outpatient after the procedure could lead to a mismatch in the resources necessary to cover the costs of the hospitalization. CMS has recently proposed a further refinement of reimbursement criteria to require at least 2 midnights in the hospital to qualify for inpatient reimbursement. 16 In our study, patients admitted after PCI had a mean hospital length of stay >2 days in the hospital, which may meet criteria for inpatient payment under these proposed guidelines. To avoid creating an incentive to keep all elective PCI patients in the hospital for 2 days, our analysis demonstrates that a risk-based approach may be more appropriate because a proportion of patients with elective PCI are at higher risk for mortality or bleeding complications and may require longer care.
Importantly, a slightly longer care period in a hospital would allow for longer monitoring of patients at highest risk for periprocedural complications, such as significant bleeding, periprocedural MI, or contrast-induced acute kidney injury. In addition, a longer care period may provide an important opportunity for multidisciplinary education on aggressive secondary prevention, including management of modifiable risk factors, education about medication adherence, and enrollment into dietary and exercise counseling programs. The most recent PCI performance measures track not only the proportion of patients discharged with guideline-recommended secondary prevention medications, but also assess post-PCI readmission rates. The additional hospitalization time for the highest risk patients may provide a valuable opportunity for facilities to implement strategies to meet both measures, thereby improving the overall value proposition for PCI. Our findings may have impact beyond PCI because many procedures, including some types of elective surgery, are no longer considered appropriate for inpatient status. If patients undergoing these outpatient procedures are also at increased risk, like those undergoing PCI, then a risk-based strategy is not only feasible in other procedural subspecialties, but also may align resources with the care provided. These considerations are increasingly important as CMS moves toward evaluating innovative payments systems such as bundled payments for episodes of care that include both the procedure and 30 or 90 days post procedure. Critical to the success of bundled payments would be minimizing the likelihood of short-term readmission after PCI, and a risk-based approach may mitigate this risk. [17] [18] [19] Our results should be considered in light of some important limitations. First, our study relies on the outpatient classification as designated by the provider on the Data Collection Form; we did not compare this with actual reimbursement claims. Although it is possible that some of the procedures included in our study were reimbursed at higher inpatient rates, we specifically excluded patients with clinical features that would generally be considered for inpatient reimbursement. Moreover, the decreasing rate of hospital admission in our study strongly suggests that the majority of patients in our cohort likely did qualify for outpatient reimbursement. Second, although the CathPCI Registry represents a national sample of PCI facilities in the United States, it does not include every facility, and we are unable to account for practices in those institutions. Third, we could not definitively attribute the changes in admission status to either the change in InterQual criteria or the implementation of the RAC program, but we defined our study period to coincide with the national rollout of the RAC program, suggesting that the RAC rollout may have at least partly driven the changes in admission practice. Fourth, we were unable to determine whether changes in admission status were associated with differential readmission patterns after PCI. Finally, this is an observational analysis, so we are unable to exclude the possibility of residual confounding.
Conclusions
Our analysis of a large database of PCI procedures shows that among patients considered outpatients according to hospital reimbursement criteria, there has been a increase in the proportion of patients not admitted to the hospital after PCI. Among these patients, there has been a temporal increase in the proportion of patients at higher risk for mortality. These data suggest that current reimbursement classification could be improved by incorporating patient risk to appropriately match the necessary resources to the needed level of care.
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